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ABSTRACT 


H. Lin and W.R. Ingram (1973) A Search for Centrifugal Optic Fibers in the Cat. 
Bull. Inst. Zool., Academia Sinica 12(3): 51-57. Cats were used throughout. Stereotaxic 
electrolytic lesions were produced in one or more of the following neural entities: the 
dorsal lateral geniculate nucleus, pulvinar, pretectum and superior colliculus. Extensive - 
unilateral ablation of the visual cortex was also performed. After survival periods of 7-21 
days, the brains were processed with the Nauta method. In the corresponding primary 
optic pathways axonal degeneration could be demonstrated only in the areas shared with 
supraoptic commissures and in a limited sector of the central terminal portion of the 
homolateral optic tract near the lesion. No degeneration could be ascribed to efferent 
(centrifugal) optic fibers. These findings, coupled with tests. related to the hypothalamus, 
mesencephalic reticular formation, accessory optic system and ventral lateral geniculate nucleus 
as reported elsewhere, do not support the existence of efferent optic fibers in the mammal. 


The problem of efferent (centrifugal) optic 
fibers in mammals has long been controversial 
(14-16; Lin and Ingram, to be published). While 
their existence is in serious doubt, possible central 
origins have nevertheless been suggested. Anato- 
mical experiments involving the destruction of 
such origins have hinted positive identification of 
presumable efferent Wallerian degeneration in the 
peripheral optic pathways (219.25), 

We have systematically tested all presumed 
origins of optic efferents proposed in the literature 
for the mammal, with consistently negative results. 
These areas included the dorsal lateral geniculate 
nucleus, superior colliculus, pulvinar-pretectum 
complex and the visual cortex. Experiments with 
other possible sources of centrifugal optic fibers 
such as the hypothalamus“”, mesencephalic teg- 
mentum and accessory optic system», as well 


as the ventral lateral geniculate (Lin and Ingram, 
to be published) are reported elsewhere. 


MATERIALS AND METHODS 


Sixteen adult cats were operated. on under 
Nembutal anesthesia. All operations were unila- 
teral and on the left side. Stereotaxic electrolytic 


= lesions were placed in one or more of the follow- 


ing subcortical visual centers of 15 cats: the. 
dorsal lateral geniculate, superior colliculus and 
the pretectum-pulvinar complex. Electrodes were 
inserted vertically. In most cases, several lesions 
were made in a given structure, and the electro- 
des were moved up and down to ensure extensive 
damage to the neural entities under consideration. 
The animals were maintained postoperatively for 
7-21 days. For each visual structure mentioned 
above there was at least one animal which had 


. a relatively long survival (14 days or more) in 
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view of the suggestion that it might take no less - 


than 10 days for the cat efferent optic fibers to 
undergo Wallerian disintegration“‘~!®. For the 
remaining cat (14 days of survival) subtotal abla- 
tion of the primary and association visual cortex 
was done by aspiration. Postoperative care was 
observed to minimize pain and discomfort to the 
animals. l 
After the aforementioned intervals, the cats 
were killed with ether and the brains perfused 
with saline, followed by fixation with 10% for- 
molsaline solution. Except for cat 65, whose 
brain was cut parasagittally, frozen frontal sec- 
tions of 30 microns were processed with the 
Nauta method“. Special efforts were made to 
bring out maximal axonal degradation, or the 
alternating sections were passed through the po- 


Fig. 1. 


Frontal sections, cresyl violet stain. 


Examples of unilateral lesions on the left side in a cat brain. 
lateral geniculate nucleus. (B): In the pretectum. (C): Jn the superior colliculus. 


tassium permanganate solution for varying inter- 
vals, in the hope of revealing at least some 
disintegrated fibers which might be present in the 
distal optic pathways. Nissl preparations were 
routinely available for the assessment of brain 
damage. 


RESULTS 


The lesions varied in location and size in 
different cats. They were either well confined 
to the neural structures to be tested or also en- 
croached upon adjacent brain tissue, including 
the brachium of the superior colliculus, the branch 
of the optic tract on either side of the ventral 
lateral geniculate, and the mesencephalic tegmen- 
tum (Fig. 1). -Cortical necrosis and electrode 
tracks were also rather extensive. These should 


(A): In the dorsal 


x4. 
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pose no complication since we are concerned only 
with the question of any Wallerian degeneration 
of centrifugal optic fibers. 

Since fibers of supraoptic commissures inter- 
mingle with primary optic pathways to some 
extent“>!®) and were observed to degenerate in 
most of our cats, they should be defined. These 
fibers interconnect the two hemispheres after 
crossing the midline just ventral to the third 
ventricle. The exact sources and terminations 
are in great dispute and need not concern us 
here. The pertinent point is their topographical 
relationship to the visual pathways. Some of 
these fibers could pass along the dorsomedial 
portion of the optic tract and the dorsoposterior 
aspect of the optic chiasm to join the contrala- 
teral tract“.1®. The major portions of the optic 
chiasm and tracts as well as optic nerves will for 
reason of simplicity be designated as the optic 
pathways proper in the following presentation. 

In cats with lesions exclusively in the dorsal 
lateral geniculate or with visuocortical ablation, 
no axonal deterioration could be seen in the optic 


pathways proper, except in the immediate vicinity 
of the lesions, nor in the supraoptic decussations. 
For the other cats, degeneration in the optic 
pathways shared with supraoptic commissures was 
obvious whereas the main portions were free 
from degeneration (Fig. 2) except in the area just 
distal to the lesions (Fig. 3). In each instance, 
axonal degradation was traced for a short distance 
in the central (terminal) portions of the homola- 
teral optic tract fibers next to the lesions (Fig. 
3). The degeneration in such fibers was either 
limited to the branches of the tract or extended 
slightly below the ventral lateral geniculate (Fig. 
3). In no circumstance were we able to follow 
this disintegration into the optic nerve. Thus 


‘there was no deterioration involving optic efferents 


in any of our cats. 


DISCUSSION © 


Failure to demonstrate axonal breakdown in 
the distal optic pathways proper (Fig. 2) follow- 
ing brain lesions, despite relatively long survival 
times, could not be due to faults of the staining 


Fig. 2. Nauta preparation of a brain section of cat 65 (14-day survival) which had lesions 
in the dorsal lateral geniculate nucleus and pulvinar. Parasagittal section, oriented 


rostrally toward the right and dorsally toward the top. 


(A): Axonal degeneration 


of supraoptic commissures which lie partly in the hypothalamus (H) above and the 


optic chiasm (OC) below, at this level. 
degeneration in the supraoptic commissures. 


x75. (B): Higher power view of the 
x 190. 
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Fig. 3. 


dorsal lateral geniculate nucleus (LGBd) and adjacent areas. 


Nauta preparation of a brain section of a cat (14-day survival) with lesions in the 


Coronal section: (A): 


Part of the lesion is seen in the LGBd at top. There is a band of profuse de- 
generation in the central portion of the optic tract (OT) in the middle of the field. 
Some degeneration is also present in the ventral lateral geniculate (LGBv) and in 


the central portions of the OT on each side of the degeneration band. 


x30. 


(B): Higher magnification of the OT band of degeneration just ventrolateral to the 


LGBv. X190. 


technique, because definite local degeneration was 
invariably noted in the areas adjacent to the 
lesions (Fig. 3) and electrode tracks, and also in 
some other brain areas. The only likely explana- 
tion for this failure is the absence of efferent 
optic fibers, or the latter are not impregnated by 
the Nauta method. Another report (Lin and In- 
gram, to be published) using several silver im- 
pregnation procedures, including the Nauta pro- 
cess employed here, has shown that the temporal 
and spatial distribution of degradation in the optic 


pathways proper distal to the lesions are directly _ 


related to the lengths of postoperative durations 


and to the nearness of lesions to the retina. Such 
findings indicate that retrograde degeneration of 
afferent (centripetal) optic fibers may occur while 
optic efferents are not demonstrated (Lin and In- 
gram, to be published). 

The limited distribution of degeneration in 
central parts of the optic tract and its branches 


` peripheral to the lesions (Fig. 3) could be ex- 


plained on nonmutually exclusive bases. Projec- 
tion fibers of nonretinal origins could traverse 
such regions®!,27, Traumatic disturbance could 
occur in afferent optic fibers for a short distance 
(16; Lin and Ingram, to be published). Third 
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possibility is that-of retrograde deterioration of 
optic afferents. Because of the longer distance 
of lesions from the retina in comparison to the 
optic tract or nerve incision (16; Lin and Ingram, 
to be published) retrograde disintegration . failed 
to.spread?, 


It could be argued that the present lesions - 


did- not destroy all branches of optic afferents@*:?® 
and-thus retrograde degeneration could not pro- 
gress retinopetally beyond the branching points“. 
Granted this possibility despite our extensive le- 
sions which ` in many cases damaged several optic 
cénters (Fig. 1), it does not satisfactorily explain 
the lack of devolution in more distal parts. of the 
. optic pathways proper. Certainly not all afferents 


give rise to collateral ramifications to different _ 


optic terminations®®, Besides, many of our le- 
sions:.destroyed. the branches. of the optic tract 
proximal to the branching points of most, if not 
all, retinofugal fibers (Fig. 2). The lack of com- 
plete retrograde degeneration was probably due to 
the longer distance from the retina or insufficient 
deterioration time, or both. 

“Von Monakow (1889, cited in 2, 19) described 
cellular degeneration in the rabbit superior colli- 
culus after eye enucleation and suggested that it 
was ọwing to retrograde reaction of optic effe- 
tents. .The same conclusion was derived by others 
for the colliculus and dorsal lateral geniculate 
from work on the cat and rat@®. There was no 
evidence, that such degeneration was actually retro- 
grade rather than transsynaptic, as pointed out by 
others@>!?, Besides, several recent workers have 
specifically noted no appreciable cellular changes 
in the collicvlus in similar experiments@®»®® or in 
clinical cases. Von Gudden (1870) and Von 
Monakow (1889) presumably saw orthograde de- 
generation “of optic efferents after coilicular 
extirpation in young rabbits and cats“>®, an 
observation questioned by Munzer and Wiener 
(1902, quoted in 8) and could be due to re- 
trograde devolution of optic afferents“, Edinger 
(1911, cited in 8) noted in the same forms 
fibers passing from the colliculus into the optic 
nerve of an enucleated eye, which could be 
no more than optic afferents “preserved” after 


such -an operation. (14, 16, for discussion). ..-<-. 
Cragg guardedly. ‘concluded, that centrifugal 
optic fibers might come, from, the ..superior: colli- 
culus and dorsolateral thalamus: in the. rabbit ¿in 
experiments similar- to ours. -He admitted. that. 
“the methods of Nauta and Glees have. given: no 
more .than suggestive evidence-.of degenerating 
centrifugal fibers to: the retina ... only one or two. 
degeneration fibers could be identified ‘in. each 
section of the optic nerve or. retina in the, most 
favorable preparation after survival periods of 
14 days or more.” ,. Such random degeneration 
should be rightfully ignored®*s 27) particularly in. 
view of the bulk. of staining artifacts. “sometimes 
giving the observer an impression — ‘that he. was 
seeing a degenerated nerve fiber”, Further- 
more, Cragg“ failed to explain why overt. dez, 


generation was-seen in the distal optic nerve seg- 


ment only. 10 days after crushing it, as compared 
to 14 days: or more after brain. lesions, if he 
were really dealing with Wallerian disintegration 
of centrifugal ones. Such discrepancy in the onset 
of axonal breakdown. could be better. accounted 
for by the retrograde decay of optic afferents (16; 
Lin and.Ingram, to be published). Similar brain 
lesion studies in various species could not confirm 
Cragg’s results(s!8.21.27, Our own ee 
data were also negative (Fig. 2). | 
Recently, Honjin et al., Wolter and asso- 
ciates. (14, 16, for refs), Sacks and Lindenberg? 
saw some persisting fibers in the optic pathways 


‘in ophthalmological or experimental cases with 


optic nerve severance and thought that these 
could come from the dorsal lateral geniculate 
and. superior colliculus among other brain centers, 
These studies have been. discussed as involving 
probable misconception“4!©, Holmes? studied 
the remaining brain of a dog long after bilateral 
hemispherectomy and implied that the geniculate 
contained cells whose axons passed to the retina. 
He seemed. to base the idea on “a few cells” 

persisting in this nucleus. The existing literature. 
shows that the corresponding cell atrophy might 
or might not be complete in similarly but 
unilaterally prepared specimens‘!?:?, There is no, 
reason to believe that retrograde and transsynaptic 
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cellular atrophy should be complete in the dorsal 
lateral geniculate of adult animals after such an 
operation, in the presence of ‘nternuncial cells 
and connections to and from other subcortical 
entitiesC!*.17.2, including the retina. It is to be 
noted that there were still neurons remaining 
in. the geniculate in clinical cases of bilateral 
optic atrophy with or without persisting optic 
fibers: 12,23), ; 
Certain anatomical studies have favored the 
presence of direct corticoretinal efferents after 
visuocortical lesions‘?.25, The retrograde trans- 
synaptic degeneration which could occur after 
occipital lesions“; should ‘be envisaged. Gori- 
koy thought normal: fibers in ‘the optic nerve 
subsequent to enucleation could originate from 
‘the cortex. 
fibers were likely “preserved” afferents. Others 
using current silver techniques could not demon- 
‘strate efferent Wallerian degradation of corticore- 
tinal fibers®-. Our cat with visuocortical abla- 
tion and every other cat having parts of the 
cortex damaged by electrode passage also failed 
‘to offer confirmation. l 
Ít seems fair to conclude that while the 
existence of centrifugal optic fibers in the mam- 
mal is dubious (14-16; Lin and Ingram, to be 
published) suggestions as to their origins are even 
less tenable. We should point out that lesion 
studies supporting optic efferents are relatively few 
and equivocal, and should perhaps be rejected. 
On the other hand, it is possible that many in- 
vestigators did not find any evidence for such 
axons and hence refrained from discussing the 
problem. Our quotation of negative studies was 
restricted to only some of, those from which de- 
finite information ‘was available in description 
and/or diagram. The present and other reports 
(14, 15; Lin and Ingram, to be published) have 


tested every pertinent neural structure but failed | 


to support any as the source of centrifugal optic 
fibers, Thus, the latter probably do not exist or, 


if they do, can not be revealed by the silver 


methods. 
This study was supported by NINDS Grants 
NS08166, NS05249 and NS03354. 


As discussed before, such “normal”. 
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$ Beresford, W. A. (1965). 
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